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ABSTRACT
Objectives: To investigate the effects of friction massage techniques on the pronator teres
muscle on supination range of motion (ROM) and supinator strength in individuals with and
without limited supination ROM.
Methods: In total, 26 subjects (13 with limited supination ROM and 13 healthy subjects)
volunteered to participate in this study. We used a customized wrist cuff. Supination ROM and
supinator strength were measured with a 9-axis inertial motion sensor and load cell. The
friction massage protocol was executed with the pronator teres muscle in a relaxed position.
Then supination ROM and supinator strength were measured again.
Results: There was no significant interaction effect on supination ROM, which was signifi-
cantly greater in the limited supination and control groups. A post hoc t-test revealed that the
limited supination group achieved a significantly increased post-test supination ROM
(51.7 ± 7.8°) compared to the pre-test value (43.6 ± 5.2°). In addition, the control group
achieved a significant increase in post-test supination ROM (67.7 ± 10.0°) compared to the
pre-test value (61.4 ± 7.7°). There was no significant interaction effect on supinator strength.
Supinator strength was significantly greater in the limited supination and control groups.
A post hoc t-test revealed a significant difference in supinator strength between the pre- and
post-test values in the limited supination group.
Discussion: Friction massage helps restore a limited ROM of the forearm supination motion
and immediately increases supinator muscle strength. This technique can be used as an
intervention method to improve muscle strength in patients with limited supination ROM.
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1. Introduction

The proximal and distal radio-ulnar joints allow forearm
pronation and supination movements [1]. Several studies
have suggested that a continuous pronated forearm
position or repeated pronation movements can lead to
musculoskeletal disorders. For example, white-collar
workers who are mainly engaged in typing on
a computer spend the majority of their time with their
forearm in a pronated position [2,3]. For workers assem-
bling factory products, excessive use of the pronator teres
muscle can occur when loosening screws with the right
hand or tightening screws with the left hand. Excessive
use of the pronator teres muscle can also occur in the
process of connecting parts to parts [4,5]. Persistence of
such a position or repeatedmovementsmay lead to pain,
shortened pronator muscles, and neuropathic issues due
to compression of the median and/or anterior inteross-
eous nerves [6–8].

Some interventions are used to alleviate symptoms
related to pronation injuries including surgery, medica-
tion, electrical stimulation, and hyperthermia. In

particular, supination strengthening exercises are gener-
ally performed in which subjects hold a weighted object
and perform supination of the forearm alone or with
elbow flexion [9–11]. However, surgical methods do not
help relieve nerve compression in the pronator teres,
and conservative treatment should be given priority
[12]. Furthermore, exercises to strengthen the supinator
muscles can cause excessive stress on these muscles
and symptoms such as tennis elbow or even muscle
injury [13–16].

Alternative interventions have also been proposed,
including stretching the pronator muscles to improve
the mobility of the fascia, alleviating symptoms
through neural mobilization, massaging the soft tis-
sue, applying deep pressure to the trigger point of the
pronator teres muscle, and using friction massage
(FM) [11,17,18]. FM was introduced by James Cyriax
in 1980 [19]. It was the first manual technique pro-
posed to solve tendon-related disorders [19]. It is
effective at alleviating pain and relieving the symp-
toms of tendinopathy [20–22]. Its effects on tendons
include traumatic hyperemia, increased blood flow to
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tissues, removal of soft tissue adhesions, and stimula-
tion of mechanical receptors [19,20,22,23].

However, no studies have examined the use of FM
of the pronator teres muscle or relaxation techniques
on individuals with limited supination range of
motion (SROM). Moreover, no studies have analyzed
the effects of FM on SROM or the strength of supina-
tor muscles. Therefore, we investigated the effects of
FM on supination strength (SS) and SROM after FM of
the pronator teres muscle. We hypothesized that FM
on the pronator teres muscle would increase the
SROM and increase SS.

2. Methods

2.1. Subjects

In total, 26 subjects (15male and 11 female) volunteered
to participate in this study. Subjects were recruited by
verbal or posted announcement from the university. All
subjects were informed of the purpose of the study and
its possible risks. The subjects confirmed their consent
to participate by completing a research consent form.
No participants had a history of rheumatologic, ortho-
pedic, or neurological disorders or trauma or surgery to
the shoulder or elbow region. All subjects received an
explanation of this study and agreed to participate in
this study by signing a consent form. This study was
approved by the Yonsei University Wonju Institutional
Review Board (approval number:1041849-201803-BM-
023-03).

The participants were divided into groups with and
without limited SROM. The normal SROM is 90–100°,
and the SROM for functional tasks is 50°; thus, patients
with a forearm SROM of less than 50° were assigned to
the limited SROM group, and patients with a forearm
supination of more than 50° were assigned to the con-
trol group [24]. During the study, the subjects refrained
from strenuous exercise and excessive stretching.
Subject demographics are shown in Table 1.

2.2. Instrumentation

2.2.1. Customized prosthesis and the smart KEMA
system
We used a customized wrist cuff designed to measure
SROM and SS to avoid the involvement of wrist mus-
cles during supination motion (Figure 1). The wrist

cuff has a metal rod located parallel to the distal
radioulnar joint. SROM and SS were measured using
the Smart KEMA system (Koreatech Inc., Seoul, Korea).
A nine-axis inertial motion sensor and load cell were
used.

2.2.2. Electromyography (EMG)
The muscle activity of the biceps brachii (BB) during
the SS test was measured to assess whether variation
in SS was due to the difference in muscle activity of
the BB, one of the supinator muscles, before and after
applying FM. BB muscle activity was measured using
the TeleMyo 2400T (Noraxon USA, Inc., Scottsdale, AZ,
USA) and analyzed using MyoResearch software (XP
Master Edition 1.07; Noraxon USA, Inc.). Before attach-
ing the EMG electrodes, the skin was shaved and
gently rubbed with sandpaper to reduce impedance.
One surface electrode was applied to the biceps par-
allel to the muscle fibers, two-thirds of the distance
between the shoulder and elbow [25]. Correct elec-
trode placement was verified through observation of
the oscilloscope during resisted elbow flexion.
Maximal voluntary isometric contraction (MVIC) was
used to normalize the EMG data.

2.3. Procedure

Prior to data collection, subjects were familiarized
with the testing protocol, received instructions, and
practiced the exercises to ensure proper motion.
Participants maintained an upright posture in
a sitting position on a chair. In an elbow-extended
position, the head of the radius is moved to the
narrower, distal part of radio-ulnar joint, and volar-
dorsal translation occurs less. To avoid excessive joint
accessory motion, the subjects were measured for SS
and SROM when the shoulder was flexed at 90° and
the elbow joint was fully extended. The subjects then
performed a supination motion. The customized wrist
cuff was connected to the Smart KEMA strength

Table 1. Subject characteristics (n = 26).
Variable Limited SROM a group Control group p value

Age (years) 21.8 ± 1.3c 22.5 ± 1.7 .307
Height (cm) 167.6 ± 7.8 172.5 ± 6.0 .116
Weight (kg) 66.5 ± 10.2 72.7 ± 14.6 .252
BMI b (kg/m2) 23.6 ± 2.3 24.3 ± 3.7 .570

aLimited supination range of motion
bBody mass index
cMean ± standard deviation

Figure 1. Customized wrist cuff.
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sensor, which was attached to a grounded vacuum
lifter for SS measurement (Figure 2). To measure
SROM, the Smart KEMA motion sensor was placed
on a metal bar connected to a customized prosthesis
(Figure 3). The examiner fixed the elbow joint to
prevent external rotation of the participant’s shoulder
during supination motion and to prevent elbow joint
flexion. This trial was repeated three times, and the
results of SROM were calculated as the mean. As in
measuring SS, the shoulder joint was flexed at 90° in
the sitting position and the elbow joint was fully
extended. A metal bar connected to the customized
wrist cuff was linked to the Smart KEMA system based
on the load cell and fixed to the floor. The examiner
fixed the elbow joint so that the participant’s shoulder
did not rotate externally, and isometric contraction
strength of supinator was measured. SS and BB EMG
data were collected simultaneously. The duration of
each trial was 5 s, and mean values for SS and BB EMG
data were calculated from the middle 3 s. An intra-
class correlation coefficient (ICC) [1,3] model and 95%
confidence intervals (CIs) were used to evaluate the
intra-session reliability of the SROM measurement.
SROM demonstrated excellent intra-session reliability

(ICC [1,3] = 0.98, 95% CI: 0.963–0.992), and intra-
session reliability was also good for the SS measure-
ment (ICC [1,3] = 0.91, 95% CI: 0.811–0.958).

To perform FM, the participants were seated in
a chair with the elbow flexed at 90° on a therapeutic
table. The subject maintained the forearm in the most
comfortable position possible so that the pronator
teres muscle fibers could remain loose. The pronator
teres muscle is a superficial muscle located between
the flexor carpi radialis and brachioradialis on the
anterior surface of the forearm. The practitioner used
a thumb to apply friction massage to the pronator
teres muscle fibers. The pressure was deep enough to
move the tissue, firmly held by the practitioner, back
and forth; the pressure was regulated according to
the patient’s tolerance. The FM was performed in five
periods of 3 min each. During the FM, the subject’s
pain was recorded following each period and the
pressure was increased as tolerated so to affect the
pronator teres deep tissue [26].

2.4. Data collection

Data collected using the Smart KEMA systemwere trans-
mitted to a tablet PC (Galaxy tab A 6 10.1, Samsung Inc.,
Seoul, Korea) via the Bluetooth device connection and
Smart KEMA application software (Koreatech Inc., Seoul,
Korea). The collected SS data were normalized to body
weight. Normalized strength is represented as the per-
centage of body weight (%BW = [maximal strength of
each trial (kg)/bodyweight (kg)] × 100) [27]. The average
normalized strength was calculated for subsequent ana-
lyses. All EMG data are presented as the percentage of
MVIC. To collect MVIC data, subjects performed MVIC of
the biceps muscle based on the muscle manual testing
position [28]. To examine the BB, subjects sat on a chair
with a backrest to fix the trunk and performed elbow
flexion at 90° with the forearm in a neutral position.
Manual resistance was applied to the distal part of the
forearm and wrist. Subjects repeated MVIC three times
with a 30-s rest between each trial to obtain the mean
EMG value, which was set as 100%MVIC. Subjects main-
tained each trial for 5 s with a 30 s rest between muscle
contraction. The average value of the middle 3 s of the
5 s period was used for data analyses; the EMG signals
were amplified and the sampling rate was 1000 Hz.
A bandpass filter between 20 and 450 Hz was used
and a notch filter at 60 Hz was applied. EMG data were
processed into root-mean-square values, calculated
from 50 ms data points.

2.5. Statistical analyses

SPSS version 24.0 (SPSS, Inc., Chicago, IL, USA) was
used for statistical analyses. A 2 × 2 mixed analysis of
variance (ANOVA) was used to identify significant
differences in SROM, SS, and BB EMG between groups

Figure 2. SS (Supination strength) measurement.

Figure 3. SROM (Supination range of motion) measurement.
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(limited SROM vs. control; between factors) and within
groups (pre- vs. post-test). The level of significance
was set to 0.05. A post hoc t-test was used to assess
differences between pre- and post-test values.

3. Results

3.1. ROM

There was no significant interaction effect on SROM
(F1,12 = 0.388, p > 0.05). SROM significantly increased
after FM in the limited SROM and control groups
(p < 0.001). A post hoc t-test revealed a significant
increase in the post-test SROM value in the limited
SROM group compared to the pre-test value
(p < 0.05). The control group also exhibited a signifi-
cant increase in the post-test SROM value compared
to the pre-test value (p < 0.05) (Table 2).

3.2. Strength

There was no significant interaction effect on SS
(F1,12 = 3.689, p > 0.0.5). SS significantly increased in
the limited SROM and control groups after FM (p < 0.05).
A post hoc t-test revealed a significant difference in SS
between pre- and post-test values in the limited SROM
group (p < 0.05) but not in controls (p > 0.05) (Table 2).

3.3. EMG

There was no interaction effect on BB EMG
(F1,12 = 0.002, p > 0.05). There were no significant
differences in BB EMG between groups (F1,12 = 2.419,
p > 0.05) (Table 2).

4. Discussion

We investigated the effects of FM of the pronator
teres muscle on SROM and SS in subjects with and
without limited SROM. Both groups showed
a significant increase in SROM after FM (8.1 ± 6.5° in
the limited SROM group; 6.3 ± 8.2° in the control
group). SS increased significantly by 1.0 ± 1.1 kg in

the limited SROM group after FM, whereas the control
group showed no significant difference (mean
increase of 0.2 ± 1.1 kg) after FM. The BB EMG did
not show a significant difference in either group.

Previous studies of FM have mainly been conducted
on athletes or healthy subjects and have examined the
effects of FM after a particular exercise or sports activ-
ity [29–32]. For this reason, previous studies have
mainly focused on large muscles of the lower extremi-
ties such as the quadriceps or hamstrings [30,31].
Several studies have shown that the ROM of joints
increases after FM. Crosman et al. (1984) showed that
FM of the hamstrings led to an immediate, significant
increase in the knee joint extension angle and leg raise
angle. In addition, Bell and Jada [33], who applied FM
to patients with chronic low back pain, reported
a significant increase in lower extremity ROM.
However, other studies have reported no improvement
or even negative effects after FM [32,34].

In our study, there was a significant increase in the
ROM of the elbow joint after FM, which is consistent
with previous studies [35,36]. Muscle strength also
improved, which differs from previous FM studies
[30,32]. There are several possible reasons for this.
First, previous studies have shown that when FM is
applied to a specific muscle, the range of motion of
the related joint increases [37]. Furthermore, the
results of this study showed that FM of the pronator
muscle increased SROM. This may be not only
because FM increased SROM directly but also because
FM increased the length of the BB muscle and thereby
increased SS. Second, participants held a position that
may have suppressed the actions of other synergistic
muscles. The supination movement was performed
with the elbow in an extended position such that BB
length could not produce maximal force [38]. BB can
produce the greatest force when the angle of elbow
flexion is between 90 and 120° [38]. BB strength
decreases gradually as the elbow moves farther
away from this angle [38]. When the elbow is at
a 90° angle, SS is greatest, whereas SS decreases as
the elbow approaches 0° due to the contribution of
BB to the supination movement [39].

Table 2. Comparison of BB EMG, SROM, and SS between the limited SROM and control groups.
Limited SROM a group Mean (SD b) Control group Mean (SD) ANOVA p value

Pre- Post- Pre- Post- Group Time Groupg Time

BBc EMG (% MVIC) 22.5 (17.0) 28.2 (14.6) 25.2 (19.2) 30.6 (22.1) 0.682 0.133 0.966
SROMd (°) 43.6 (5.2) 51.7h (7.8) 61.4 (7.7) 67.7h (10.0) 0.000g 0.000g 0.539
SSe (% BWf) 2.7 (1.3) 3.6h (1.3) 3.6 (0.9) 3.7 (1.0) 0.216 0.013g 0.067

aSupination limited range of motion
bStandard deviation
cBiceps brachii
dSupination range of motion
eSupinator muscle strength
f Body weight
gSignificant differences identified by ANOVA (p < 0.05)
h Significant differences identified by the post hoc t-test (p < 0.05)
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This study has some limitations. First, the subjects
were normal individuals who were not patients with
pain or diseases. FM is applied to soft tissues such as
muscles, ligaments, and tendons to prevent adhesion
of tissues and promote blood circulation to improve
symptoms. It is difficult to generalize our results to
those with pain in the elbow or those with diseases
such as pronator syndrome. Second, it is difficult to
generalize our results to all ages because our study
targeted young men and women. Therefore, further
studies should be conducted on patients of various
ages with elbow or wrist symptoms.

5. Conclusions

This study showed that the SROM and SS increased
immediately after pronator teres FM. Therefore, FM can
help to increase limited ROM and immediately increase
muscle strength. Particularly, it can be used as an inter-
vention to improve SS in patients with limited SROM.
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